In 1955, this country manufacturer 1,363,2L41,000 pounds of cheese(1). As-
suming that nine pounds of liquid whey are produced for each pound of cheese,
the cheese factories had over 12,3 billion pounds of whey., Of this amount as
much as 3.4 billion pounds are presently recovered (2), Of the 8.9 billion
pounds remaining, some is returned to the farms for feeding but much of it is
wasted and poses a disposal problem to many of the 1,785 cheese mamfacturing
plants. When spread among these producers, this figures to about 12,500 pounds
of whey per day per plant. This does not take into consideration the whey from
1,700 other plants that produce a half billion pounds of cottage-type cheese
annually, (Although the Mountain and Pacific States produce only about 6.5% of
the manufactured cheese, they produce 25% of the creamed cottage cheese.,)

The main constituents of raw cheese whey(B) are: sugar L4.80%; proteins
0.85%; ash 0.60%3 fat 0,3L%; water 93.L0%, Practically all fat is recovered,
The whey represents a renewable annual reserve of about 83 million pounds of
protein and 470 million pounds of sugar. The Task Committee on Dairy Waste Dis-
posal reported that 100,000 pounds of whey per day should be available to oper-
ate an evaporator economically and that 250,000 pounds are necessary for a spray
drier. Collection of the whey from several cheese factories for condensing is
done in some areas. Economical haul for fluid whey is about LO to 50 miles,
while for a 30% concentrate it is about 150 miles (L4). -

All plants have washings to dispose of and many others have a.waey disposal
problem, as well, Our laboratory has three projects concerned with these pro-
blems, two on disposal and one on utilizatione.

I, Laboratory investigations of a microbiological process for the oxida-
tion of cheese whey in order to establish guides for the practical method for
the disposal of whey from cheese plants.

Whey may be stabilized aerobically if the requirements of cell synthesis
are satisfied. For example, when whey was discarded by the college dairy into
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the 10,000-gallon pilot waste treatment plant at Pennsylvania State University(5)
an uncontrollable mucilaginous foam resulted and the plant had to shut down,
Treatment could not be resumed until the whey waste from cheese manufacturing
was diverted to another sewer., Some months later an unanticipated violent foanm-
ing again produced a nuisance. The sanitary engineers made inquiries of the
dairymen and learned that a new whey separator was discharging the whey on the
floor of the market milk room and thus into the pilot plant. This waste had to
be treated. Conditions were corrected by adding 100 1lb., of ammonium sulfate per

5000 1b. of wheye.

Aerobic biological treatment methods must give serious consideration to nye
trition of the microorganisms that synthesize their cells from t?e wastes while
oxidizing a portion, Examination of the co;position of dry whey 6) shows 73%
lactose and 13.5% protein as compared to 51% and 37% present in dry skim milk,
For each 100 units of sugar there is present one-fourth as much protein (and

hence nitrogen) in whey as in skim milk.

According to the assimilation equation, 37 units of protein are necessary
to produce a stable product with 51 units of sugar yielding 53 units of cell
substance,

8 (CHy0) + Cg Hyp Ny O3 + 6 0 ——> 2 Cg Hy NO, + 6 COp + 7 Hy0

With an equal amount of whey, the 13,5 units of protein should take care of only
18.6 units of sugar and produce only 19 units of cell. This would leave about
52 units of lactose needing nitrogen.

The nutruitional imbalance can be avoided if the nitrogen content of the

waste is known as well as its oxygen demand or its car %y content (carbon x 2,67

= COD). Work done on various types of organic wastes showed that stabiliza-
tion was obtained when the BOD to N ratio was about 17 to 1, calculating to a
COD to N ration of 25 to 1, Skim milk has a COD to N ratio of 18 to 1 as com-
pared to L5 to 1 for whey,

The nitrogen that must be added to whey can be determined. Thus the 5.65%
of organic matter in liquid whey shows that 1000 pounds contain 56.5 1b. of or-
ganic solids with an estimated COD of 62.15 1b. and only 1.36 1b. of nitrogen,
Therefore, each 1000 1b. of liquid whey would require 1.126 1b. of nitrogen or
503 1b. of ammonium sulfate, or 5.5 1lb. of 29% ammonia water.

The oxygen requirement for assimilation is 37.5% of the COD (8), hence the
1000 1b, of fluid whey will require 23.3 1lb. of oxygen for converting the soluble
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-’ substance to cell material. Oxygen is also needed for the seed cells. This val-
- ue omits that used for endogenous respiration, Suitable aeration equipment can

- be selected on the basis of known oxygen transfer efficiencies of such devices,

- It must be emphasized that, if at all possible, other means of whey disposal
should be selected, since the wet combustion of such a high oxygen demanding ma-
" terial takes considerable power. Dilute wastes can be treated. Conditions for

" handling more concentrated wastes are being determined.

IT, Study for the determination of the effectiveness of spray irrigation
- as a method for the disposal of dairy plant wastes.

Direct disposal of waste water (its removal from the property without any
treatment) is achieved most simply by means of a public sewer system. In order
to keep the service charge low, good housekeeping must be maintained in the dairy.
Direct disposal is also possible by spray irrigation. Direct disposal should be
lower in cost and simpler to operate than a disposal plant. '

A cooperative study is underway at the University of Wisconsin "to determine ,
the value of spray irrigation of dairy wastes as a means for their disposal, ard
to prepare recommendations for the dairy industry on'the utility of this method
of waste disposals" Two excellent men are associated with us on this project,

Dr. Rohlich, Professor of Sanitary Engineering and Dr. Englebert, Professor of
Soils, The Wisconsin Committee on Water Pollution Has cooperated through Mr, H,
N. Kingsbury, a sanitary engineer assigned to industrial waste treatment and
pollution abatement. This represents an ideal cooperation between control agen=
cies and research workers, ' /:

The "“whereas" clauses of the contract mention (a) the need for simpler and
more effective methods of disposing of dairy waste, to minimize stream pollution;
(b) that dairy processing plants are under orders to take measures to prevent
such discharge into streams; (c) that aeration processes are generally applica-
ble but reduction of costs in treatment is still needed; (d) that spray irriga-
tion may be economical and practical if land of the correct soil characteristics
is available; (e) that spray irrigation of waste may increase the value of the
land; (f) that the method may be used as an alternative to, or in conjunction
with, the rapid aeration process; (g) that spray irrigation systems have been
successful and unsuccessful; (h) that scientific and technical data are required;
and (i) that basic information shall be obtained under actual operating conditions.

#

The contract states that the contractor is to plan and diligently conduct
studies designed to evaluate the usefulness of spray irrigation as a method for
the disposal of dairy plant wastes., These investigations are to be conducted to
develop information to permit efficient use of spray irrigation. Factors to be
studied include chemical composition of wastes, pre-treatment and irrigation fa-
cilities, types of cover crops, chemical composition of water utilized, soil
characteristics, topography and climatic conditions.

A large number of the milk plants in Southwestern Wisconsin were visited,
(Approximately 71 food processing plants in that state were using spray type ir-
rigation for waste disposal by January 1, 1956,) The cooperation of the Commit-
tee on Water Pollution was enlisted since that group has a record of dairies that
"e installed or were installing spray irrigation. Finally five cheese factor—
1es and one complete dairy were selected for study,




At each site a topographic survey of the area under i?rigation has‘been.
made, These initial surveys were conducted before irrigation was begun. Soil
borings to a depth of four feet and observations of the_topography‘were made ang
showed a variety of conditions., One site is a well-drained calare9us forest soil
with dense subsoil; another is an alluvial deposit of sandy loam with permeable
top and subsoil; a third is silt loam covering sandstong; a fogrth lies along a
stream only a few feet above the water level and gives indications o? wat?r log-
ging, a fifth site is shallow soil overlying impermeable rock, the sixth is pre-
sently under examination.

The manager at each plant takes an active part in recordipg tgmperatu?e,
pumping time and weather observations. He also makes changes in piping wplch are
recorded on a map of his field and maintains a check lis? of plgnt opera?lonS.
In addition, specially designed flow measuring and sampling devices are in oper-
ation. Samples are collected alternately by two graduate students at frequent
intervals. Intensive tests are being made on each sample.

It is too soon to draw any conclusions, but the data will be of tremendous
value, As far as is known, this will be the first time that effec?s_o? spray
irrigation of dairy wastes on soil will be followed.from Fhe very 1n1§1at10n of
such treatment, Any changes in organic matter, solids, nitrogen, §od1um, cblo.
rides and other ions will be apparent and the effect of the waste in the soil
will be followed, It is believed that from these studies will come interesting
and applicable observations.

Greater details on this project will probably be given at the Purdue Confer-
ence by Dr, Rohlich,

ITI, The development of practical biological methods for the production of
feed supplements and other useful products from cheese whey,.

The search is still continuing to develop practical methods for utilization
of the almost 8,9 billion lb. of liquid whey now wasted each year., This amount
of liquid whey contains about 565 million 1b, of solids which is potentially
available for processing., Many substances have been obtained by the fermentation
of whey. Among these are lactic acid, riboflavin, yeast, ethyl alcohol, Vinegar,
butanol and acetone, Butyric, citric and propionic acids have been reported as
well as Vitamin Byoo

Practically all processes that convert whey by microbiological processes
have been discontinued for economic reasons, We are directing fermentation stud-
ies toward the development of more efficient means of converting whey to a needed
product or new products of potential value., This will be accomplished by selec-
tion of desirable microorganisms and establishing conditions of maximum yield,

Currently we are studying the conversion of whey by yeast and are examining
this fermentation carefully. The economic conversion of whey solubles to cells
would lead to an easily recoverable product of value as a feed supplement, Yeast,
fungi and bacteria are such convertors. The best conditions must be established,

Newer information.on nitrogen and phosphorus supplementation and oxygen re-
quirements of cells will be of value and may result in more efficient use of
equipment or increased yields that may make a process feasible.




